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(54) DOT RECORDING USING A PLURALITY OF SUBSCANNING FEED VALUES 



(57) Integers that are no less than 2 and relatively 
prime are selected for the nozzle pitch k and the number 
of effective nozzles Neff which represents the net 
number of raster lines in a main scanning direction 
recorded by one main scan. A plurality of different val- 
ues are used in combination for the sub-scan feed 
amount L. It is preferable to select the plurality of differ- 
ent values for the sub-scan feed amount L in such a 
manner that the offset G, which is a remainder obtained 
by dividing each value by the nozzle pitch k, is fixed to a 
constant value. The offset G preferably takes a value in 
the range of 2 to (k-2). 



Fig. 8 



NUMBER Q? SUB-SCAN nXD 
L 0 12 3* 




RBCOKDINGAHKA 
CEO BASTES LIKSS) 



in 
in 



SCANEAHAMBTKB8 
NOSLB PITCH k :4[<U*I 
NUMBER OF NOraUBBN :S 
NUMBER OF SCAN RKFSATB ■ : 1 
NUMBBB07 UWUHVS N0SZU8 Neff: 6 



a. 

LLI 



Primed by Xerox (UK] Business Services 
2.16.7/3.6 



1 



EP 0 917 955 A1 



2 



Description 

INDUSTRIAL FIELD 

[0001 ] The present invention relates to a technique of 
recording dots on the surface of a printing medium with 
a dot recording head. 

BACKGROUND ART 

[0002] Serial scan-type printers and drum scan-type 
printers are dot recording devices which record dots 
with a recording head while carrying out scans both in a 
main scanning direction and a sub-scanning direction. 
There is a technique called the "interlace scheme", 
which is taught by U.S. Patent No. 4,198.642 and Japa- 
nese Patent Laid-Open Gazette No. 53-2040, for 
improving the image quality of printers of this type, 
especially ink jet printers. 

[0003] Fig. 22 is a diagram for explaining an example 
of the interlace scheme. In this specification, the follow- 
ing parameters are used to define a printing scheme. 

N: Number of nozzles; 

k: Nozzle pitch [dots]; 

s: Number of scan repeats; 

D: Nozzle density [nozzles/inch]; 

L: Sub-scanning pitch [dots] or [inch]; 

w: Dot pitch [inch]. 

[0004] The number of nozzles N is the number of noz- 
zles actually used to form dots. In the example of Fig. 
22. N = 3. The nozzle pitch k is the interval between the 
centers of the recording head nozzles expressed in 
units of the recorded image pitch (dot pitch w). In the 
example of Fig. 22, k = 2. The number of scan repeats s 
is the number of main scans in which all dot positions on 
a main scanning line are serviced. In the example of 
Fig. 22, s = 1, i.e., all dot positions on a main scanning 
line are serviced in a single main scan. When s is 2 or 
greater, the dots are formed intermittently in the main 
scanning direction. This will be explained in detail later. 
The nozzle density D (nozzle/inch) is the number of 
nozzles per inch in the nozzle array of the recording 
head. The sub-scanning pitch L (inch) is the distance 
moved in 1 sub-scan. The dot pitch w (inch) is the pitch 
of the dots in the recorded image. In general, it holds 
that w = 1/(D • 1^ , k= 1/(D*w). 
[0005] The circles containing two-digit numerals in 
Fig. 22 indicate dot recording positions. As indicated in 
the legend, the numeral on the left in each circle indi- 
cates the nozzle number and the numeral on the right 
indicates the recording order (the number of the main 
scan in which it was recorded). 
[0006] The interlace scheme shown in Fig. 22 is char- 
acterized by the configuration of the nozzle array of the 
recording head and the sub-scanning method. Specifi- 
cally, in the interlace scheme, the nozzle pitch k indicat- 



ing the interval between the centers of adjacent nozzles 
is defined as an integer not smaller than 2, while the 
number of nozzles N and the nozzle pitch k are selected 
as integers which are relatively prime. Further, sub- 
5 scanning pitch L is set at a constant value given by 
N/(D-k). 

[0007] The interlace scheme spreads out irregularities 
in nozzle pitch and ink jetting features over the recorded 
image. Because of this, it improves image quality by mit- 
re igating the effect of any irregularity that may be present 
in the nozzle pitch, the jetting features and the like. 
[0008] The "overlap scheme", also known as the 
"multi-scan scheme", taught for example by Japanese 
Patent Laid-Open Gazette No. 3-207665 and Japanese 
is Patent Publication Gazette No. 4-1 9030 is another tech- 
nique used to improve image quality in color ink jet print- 
ers. 

[0009] Fig. 23 is a diagram for explaining an example 
of the overlap scheme. In the overlap scheme, 8 noz- 

20 zles are divided into 2 nozzle sets. The first nozzle set is 
made up of 4 nozzles having even nozzle numbers (left 
numeral in each circle) and the second nozzle set is 
made up of 4 nozzles having odd nozzle numbers. In 
each main scan, the nozzle sets are each intermittently 

25 driven to form dots in the main scanning direction once 
every (s) dots. Since s = 2 in the example of Fig. 23, a 
dot is formed at every second dot position. The timing of 
the driving of the nozzle sets is controlled so that each 
nozzle set forms dots at different positions from the 

30 other in the main scanning direction. In other words, as 
shown in Fig. 23, the recording positions of the nozzles 
of the first nozzle set (nozzles number 8. 6. 4, 2) and 
those of the nozzles of the second nozzle set (nozzles 
number 7, 5, 3, 1) are offset from each other by 1 dot in 

35 the main scanning direction. This kind of scanning is 
conducted multiple times with the nozzle driving times 
being offset between the nozzle sets during each main 
scan to form all dots on the main scanning lines. 
[0010] In the overlap scheme, the nozzle pitch k is set 

40 at an integer no less than 2, as in the interlace scheme. 
However, the number of nozzles N and the nozzle pitch 
k are not relatively prime, but the nozzle pitch k and the 
value N/s, which is obtained by dividing the number of 
nozzles N by the number of scan repeats s, are set at 

45 relatively prime integers instead. 

[001 1 ] In the overlap scheme, the dots of each main 
scanning line are not all recorded by the same nozzle 
but by multiple nozzles. Even when the nozzle features 
(pitch, jetting features, etc.) are not completely uniform, 

so therefore, enhanced image quality can be obtained 
because the features of the individual nozzles are pre- 
vented from affecting the entire main scanning line. 
[0012] As described above, in the conventional inter- 
lace scheme, it is required that the number of nozzles N 

55 and the nozzle pitch k are set at relatively prime inte- 
gers. In the overlap scheme, on the other hand, it is 
required that the quotient N/s, obtained by dividing the 
number of nozzles N by the number of scan repeats s, 
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and the nozzle pitch k are set at relatively prim inte- 
gers. The conventional techniques do not use all the 
nozzles disposed in the dot recording apparatus but use 
only part of the nozzles, in order to satisfy these require- 
ments. In other words, the prior art techniques can not s 
effectively utilize the nozzles disposed in the dot record- 
ing apparatus in some cases. 

[0013] The present invention is made to solve the 
problem of the prior art, and an object of the present 
invention is to provide a dot recording apparatus and a 
method therefore that effectively utilize the nozzles dis- 
posed in the dot recording apparatus. 

DISCLOSURE OF THE INVENTION 

[0014] In order to solve at least part of the above prob- 
lems, there is provided a dot recording apparatus for 
recording dots on a surface of a printing medium with a 
dot recording head. The dot recording apparatus com- 
prises: a dot-forming element array arranged on the dot 
recording head to face the printing medium, the dot- 
forming element array comprising a plurality of dot-form- 
ing elements for forming a plurality of dots of an identi- 
cal color at a substantially constant pitch in a sub- 
scanning direction; a main scan driving unit that drives 
at least one of the dot recording head and the printing 
medium to carry out a main scan; a head driving unit 
that drives at least part of the plurality of dot-forming 
elements to form dots in the course of the main scan; a 
sub-scan driving unit that drives at least one of the dot 
recording head and the printing medium every time 
when the main scan is completed, thereby carrying out 
a sub-scan; and a control unit that controls the above 
units. 

[0015] The control unit controls the head driving unit 
such that the dot recording head is driven according to 
a condition that a number of effective dot-forming ele- 
ments and an element pitch k are set at integers which 
are no less than 2 and which are not relatively prime, 
the number of effective dot-forming elements represent- 
ing a net number of raster lines in a main scanning 
direction which can be recorded by one main scan, the 
element pitch k representing a pitch of the plurality of 
dot-forming elements expressed in units of a number of 
dots. The control unit also controls the sub-scan driving 
unit such that a plurality of different values are used in 
combination for sub-scan feed amounts for a plurality of 
the sub-scan feeds, thereby enabling all raster lines 
included in an effective recording area of the printing 
medium to be recorded. 

[001 6] In the above dot recording apparatus, since the 
integers which are no less than 2 and which are rela- 
tively prime are selected for the number of effective dot- 
forming elements and the element pitch k, restriction on 
the number of working dot-forming elements is allevi- 
ated in many cases. As a result, the nozzles disposed in 
the dot recording apparatus can be utilized effectively. 
[0017] In the above dot recording apparatus, it is pref- 



erable that the plurality of different values used for the 
sub-scan feed amounts are selected in such a manner 
that remainders obtained by dividing the respective val- 
ues by the element pitch k are fixed to a constant value. 
This shifts the raster fines to be recorded by the nozzles 
by a constant amount of phase by every sub-scan feed 
where the phase is defined by the cyclic arrangement of 
the plurality of dot forming elements. As a result, an 
image can be recorded in a substantially regular man- 
ner, thereby improving the image quality. 
[0018] It is preferable that the plurality of different val- 
ues used for the sub-scan feed amounts are selected in 
such a manner that the remainders obtained by dividing 
the respective values by the element pitch k are in a 
range of 2 to (k-2). The remainder obtained by dividing 
the sub-scan feed amount by the element pitch k may 
take a value in the range of 0 to (k-1), but when the 
remainder is equal to 1 or (k-1), adjoining raster lines 
are recorded in a successive manner. When the raster 
lines are recorded with ink, the successive recording of 
the adjoining raster lines may cause a blur of ink. The 
selection of the sub-scan feed amount to cause the 
remainder obtained by dividing the sub-scan feed 
amount by the element pitch k to be within the range of 
2 to (k-2) effectively prevents this problem. 
[001 9] Moreover, it is preferable that, among a plurality 
of alternative sequences having an identical combina- 
tion of the plurality of different values that are arranged 
in different orders, a sequence having smaller sub-scan 
feed amounts for a predetermined number of initial sub- 
scan feeds is selected to be used as a sequence of the 
different values for the sub-scan feed amounts. Use of 
this sequence enhances the possibility of starting the 
record of dots from a position closer to the end of the 
printing medium. 

[0020] The control unit controls the head driving unit 
such that the head driving unit drives the dot forming 
element array during each main scan at intermittent tim- 
ings to disable dot formation for (s - 1) dot positions 
among s consecutive dots in the main scanning direc- 
tion where s is a predetermined integer of at least two; 
and the number of effective dot-forming elements is a 
value obtained by dividing, by the integer s, a number of 
dot-forming elements which are actually used for 
recording among the plurality of dot-forming elements. 
This arrangement enables the effects of the above 
apparatus to be attained not only when each raster line 
is recorded by one dot-forming element but when each 
raster line is recorded intermittently by s dot-forming 
elements. 

[0021 ] The present invention is also directed to a 
method of recording dots on a surface of a printing 
medium with a dot recording head, the dot recording 
head having a dot-forming element array including a 
plurality of dot-forming elements for forming a plurality 
of dots of an identical color arranged at a substantially 
constant pitch in a sub-scanning direction. The method 
comprises the steps of: (a) driving at least one of the dot 
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r cording head and the printing medium to carry out a 
main scan; (b) driving at least part of the plurality of dot- 
forming elements to form dots in the course of the main 
scan; and (c) driving at least one of the dot recording 
head and the printing medium every time when the main 5 
scan is concluded, thereby carrying out a sub-scan. In 
the step (b) the dot recording head is driven according 
to a condition that a number of effective dot-forming ele- 
ments and an element pitch k are set at integers which 
are no less than 2 and which are not relatively prime, 10 
the number of effective dot-forming elements represent- 
ing a net number of raster lines in a main scanning 
direction which can be recorded by one main scan, the 
element pitch k representing a pitch of the plurality of 
dot-forming elements expressed in units of a number of 75 
dots. In the step (c) a plurality of different values are 
used in combination for sub-scan feed amounts for a 
plurality of the sub-scan feeds, thereby enabling all 
raster lines included in an effective recording area of the 
printing medium to be recorded. This method also ena- 20 
bles the nozzles disposed in the dot recording appara- 
tus to be utilized effectively. 

[0022] The present invention is further directed to a 
computer program product storing a computer program 
for causing a printing apparatus to record dots on a sur- 25 
face of a printing medium while carrying out a main 
scan in a direction substantially perpendicular to a sub- 
scanning direction, the printing apparatus comprising a 
dot recording head having a dot-forming element array 
including a plurality of dot-forming elements for forming 30 
a plurality of dots of an identical color arranged at a sub- 
stantially constant pitch in the sub-scanning direction. 
The computer program product comprises: a computer 
readable medium; and a computer program stored on 
the computer readable medium. The computer program 35 
comprises: a first program code that causes a computer 
system to drive the dot recording head according to a 
condition that a number of effective dot-forming ele- 
ments and an element pitch k are set at integers which 
are no less than 2 and which are not relatively prime, 40 
the number of effective dot-forming elements represent- 
ing a net number of raster lines in a main scanning 
direction which can be recorded by one main scan, the 
element pitch k representing a pitch of the plurality of 
dot-forming elements expressed in units of a number of 45 
dots; and a second program code that causes the com- 
puter system to use a plurality of different values in com- 
bination for sub-scan feed amounts for a plurality of the 
sub-scan feeds, thereby enabling all raster lines 
included in an effective recording area of the printing so 
medium to be recorded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00233 ss 

Fig. 1 is a block diagram schematically illustrating 
the structure of an image processing system 



embodying the present invention; 
Fig. 2 schematically illustrates the structure of a 
color printer 22 as an example of the image output 
apparatus 20; 

Fig. 3 illustrates the structure of a print head 28; 
Fig. 4 shows the principle of ink jet; 
Figs. 5(A) and 5(B) show an arrangement of ink jet 
nozzles on ink jet heads 61 through 64; 
Figs. 6(A) and 6(B) show the fundamental condi- 
tions of a general dot recording scheme when the 
number of scan repeats s is equal to 1 ; 
Figs. 7(A) and 7(B) show the fundamental condi- 
tions of a general dot recording scheme when the 
number of scan repeats s is no less than 2; 
Fig. 8 shows a first dot recording scheme in the 
embodiment of the present invention; 
Figs. 9(A) and 9(B) show the scan parameters and 
the raster numbers of the effective raster lines 
recorded by the respective nozzles in the first dot 
recording scheme; 

Fig. 10 shows the nozzle numbers for recording the 
effective raster lines in the first dot recording 
scheme; 

Figs. 11(A) and 11(B) show the scan parameters 
and the raster numbers of the effective raster lines 
recorded by the respective nozzles in a second dot 
recording scheme; 

Fig. 12 shows the nozzle numbers for recording the 
effective raster lines in the second dot recording 
scheme; 

Figs. 13(A) and 13(B) show the scan parameters 
and the raster numbers of the effective raster lines 
recorded by the respective nozzles in a third dot 
recording scheme; 

Fig. 14 shows the nozzle numbers for recording the 
effective raster lines in the third dot recording 
scheme; 

Fig. 15 shows an example of the dot recording 
scheme in which the offset G of the sub-scan feed 
amount L is fixed to a constant value; 
Fig. 16 shows the preferable combinations of the 
nozzle pitch k and the offset G with respect to the 
sub-scan feed amount L; 

Figs. 17(A) and 17(B) show scan parameters and 
raster numbers of the effective raster lines recorded 
by the respective nozzles in a fourth dot recording 
scheme; 

Fig. 18 shows the nozzle numbers for recording the 
effective raster lines in the fourth dot recording 
scheme; 

Fig. 19 shows the scan parameters in a fifth dot 
recording scheme; 

Fig. 20 shows the raster numbers of the effective 

raster lines recorded by the respective nozzles in 

the fifth dot recording scheme; 

Fig. 21 shows the nozzle numbers for recording the 

effective raster lines in the fifth dot recording 

scheme; 
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Fig. 22 shows an example of the conventional inter- 
lace recording scheme; and 
Fig. 23 shows an example of the conventional over- 
lap recording scheme. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

A. Structure of Apparatus 

[0024] Fig. 1 is a block diagram illustrating the struc- 
ture of a color image processing system embodying the 
present invention. The color image processing system 
includes a scanner 12, a personal computer 90, and a 
color printer 22. The personal computer 90 includes a 
color display 21. The scanner 12 captures color image 
data of a color original, and supplies the original color 
image data ORG, including R, G, and B components, to 
the computer 90. 

[0025] The computer 90 is provided therein with CPU, 
RAM, and ROM (not shown), and an applications pro- 
gram 95 runs under a specific operating system. A 
video driver 91 and a printer driver 96 are incorporated 
in the operating system, and f inal color image data FNL 
of the applications program 95 are output through these 
drivers. The applications program 95 used for, for exam- 
ple, retouching an image, reads an image from the 
scanner, executes a prescribed processing, and dis- 
plays the image on the CRT display 21 through the 
video driver 91 . When the applications program 95 out- 
puts a printing instruction, the printer driver 96 receives 
image information from the applications program 95 and 
converts the input image information to printing signals 
for the printer 22. (The printing signals are binarized sig- 
nals for the respective colors of C, M, Y, and K.) In the 
example of Fig. 1, the printer driver 96 includes: a ras- 
terizer 97 for converting the color image data processed 
by the applications program 95 to dot-based image 
data; a color correction module 98 for executing color 
correction on the dot-based image data according to the 
ink colors of C, M, and Y used by the printer 22 and the 
colorimetric features of the printer 22; a color correction 
table CT referred to by the color correction module 98; 
and a halftone module 99 for generating halftone image 
data, which represents image density in a particular 
area by on/off of ink in each dot. from the color-cor- 
rected image data 

[0026] Fig. 2 schematically illustrates the structure of 
the printer 22. As shown in the drawing, the printer 22 
has a mechanism for feeding a sheet of paper P by 
means of a sheet feed motor 23, a mechanism for recip- 
rocating a carriage 31 along the axis of a platen 26 by 
means of a carriage motor 24, a mechanism for driving 
a print head 28 mounted on the carriage 31 to control 
discharge of ink and formation of dots, and a control cir- 
cuit 40 for transmitting signals to and from the sheet 
feed motor 23, the carriage motor 24, the print head 28, 
and a control panel 32. 



[0027] A black ink cartridge 71 and a color ink car- 
tridge 72 for storing three color inks, that is, cyan, 
magenta, and yellow, may be mounted on the carriag 
31 of the printer 22. Four ink discharge heads 61 

5 through 64 are formed on the print head 28 that is dis- 
posed in the lower portion of the carriage 31 , and ink 
supply conduits 65 (see Fig. 3) are formed in the bottom 
portion of the carriage 31 for leading supplies of ink 
from ink tanks to the respective ink discharge heads 61 

to through 64. When the black ink cartridge 71 and the 
color ink cartridge 72 are attached downward to the car- 
riage 31, the ink supply conduits 65 are inserted into 
connection apertures (not shown) formed in the respec- 
tive cartridges. This enables supplies of ink to be fed 

is from the respective ink cartridges to the ink discharge 
heads 61 through 64. 

[0028] The following briefly describes the mechanism 
of discharging ink. When the ink cartridges 71 and 72 
are attached to the carriage 31, inks in the ink car- 

20 tridges 71 and 72 are sucked out through the ink supply 
conduits 65 by capillarity and are led to the ink dis- 
charge heads 61 through 64 formed in the print head 28 
arranged in the lower portion of the carriage 31 as 
shown in Fig. 3. When the ink cartridges 71 and 72 are 

25 attached to the carriage 31 , a pump works to suck first 
supplies of ink into the respective ink discharge heads 
61 through 64. In this embodiment, the structures of the 
pump for suction and a cap for covering the print head 
28 during the suction are not illustrated nor described 

30 specifically. 

[0029] An array of thirty-two nozzles "n" is formed in 
each of the ink discharge heads 61 through 64 as 
shown in Fig. 3. A piezoelectric element PE, which is an 
electrically distorting element and has an excellent 

35 response, is provided for each nozzle "n". Fig. 4 illus- 
trates a configuration of the piezoelectric element PE 
and the nozzle "n". The piezoelectric element PE is dis- 
posed at a position that comes into contact with an ink 
conduit 80 for leading ink to the nozzle "n". As is known, 

40 the piezoelectric element P E has a crystal structure that 
is subjected to a mechanical stress due to application of 
a voltage and thereby carries out extremely high-speed 
conversion of electrical energy to mechanical energy. In 
this embodiment, application of a voltage between elec- 

45 trodes on either ends of the piezoelectric element PE for 
a predetermined time period causes the piezoelectric 
element PE to extend for the predetermined time period 
and deform one side wall of the ink conduit 80 as shown 
in the lower part of Fig. 4. The volume of the ink conduit 

so 80 is reduced with an extension of the piezoelectric ele- 
ment PE, and a certain amount of ink corresponding to 
the reduced volume is sprayed as ink particles Ip from 
the end of the nozzle "n" at a high speed. The ink parti- 
cles Ip soak into the sheet of paper P set on the platen 

55 26, so as to reproduce a print. 

[0030] In the printer 22 of the embodiment having the 
hardware structure discussed above, the sheet feed 
motor 23 rotates the platen 26 and the other related roll- 
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ers to feed the printing paper P. The carriage motor 24 
drives and reciprocates the carriage 31 , simultaneously 
with actuation of the piezoelectric elements PE on the 
respective ink discharge heads 61 through 64 of the 
print head 28. The printer 22 accordingly sprays the 
respective color inks and forms a multi-color image on 
the printing paper P. Concrete arrangements of the noz- 
zles in the respective ink discharge heads 61 through 
64 will be discussed later. 

[0031] The mechanism for feeding the printing paper 
P includes a gear train (not shown) for transmitting rota- 
tions of the sheet feed motor 23 to the platen 26 as well 
as a sheet feed roller (not shown). The mechanism for 
reciprocating the carriage 31 includes a sliding shaft 34 
arranged in parallel with the axis of the platen 26 for sli- 
dably supporting the carriage 31. a pulley 38, an end- 
less drive belt 36 spanned between the carriage motor 
24 and the pulley 38, and a position sensor 39 for 
detecting the position of the origin of the carriage 31 . 
[0032] The control circuit 40 includes a CPU (not 
shown), main memories having a ROM and a RAM (not 
shown), and a programmable ROM (PROM) 42, which 
is a rewritable non-volatile memory. The PROM 42 
stores dot recording mode information including param- 
eters with respect to a plurality of dot recording modes. 
The "dot recording mode" denotes the dot recording 
scheme defined by parameters such as the number of 
actually used nozzles N and the sub-scan feed amount 
L In the specification hereof, the terms "recording 
scheme" and "recording mode" have substantially the 
same meanings. Concrete examples of the dot record- 
ing modes and their related parameters will be 
described later. Mode selection information is also 
stored in the PROM 42 to select a desired mode among 
the plurality of dot recording modes. For example, when 
the PROM 42 can store sixteen pieces of dot recording 
mode information, the mode selection information con- 
sists of four-bit data. 

[0033] The dot recording mode information is read by 
the printer driver 96 from the PROM 42 when the printer 
driver 96 (Fig. 1) is installed at the startup of the compu- 
ter 90. In more concrete terms, the printer driver 96 
reads the dot recording mode information correspond- 
ing to a desired dot recording mode specified by the 
mode selection information from the PROM 42. The 
processes in the rasterizer 97 and the halftone module 
99 as well as the main scans and sub-scans are carried 
out according to the dot recording mode information. 
[0034] The PROM 42 may be any rewritable non-vol- 
atile memory and is, for example, an EEPROM or a 
flash memory. The dot recording mode information may 
be stored in a non-rewritable ROM, while it is preferable 
that the mode selection information is stored in the 
rewritable non-volatile memory. Plural sets of dot 
recording mode information may be stored in a storage 
device other than the PROM 42 or alternatively in the 
printer driver 96. 

[0035] Fig. 5 shows an arrangement of ink jet nozzles 



10 

in the ink discharge heads 61 through 64. The first head 
61 has a nozzle array for jetting black ink. Similarly th 
second through the fourth heads 62 through 64 respec- 
tively have nozzle arrays for jetting cyan, magenta, and 

5 yellow inks. These four nozzle arrays have identical 
positions in the sub-scanning direction. 
[0036] Each of the four nozzle arrays intrudes thirty- 
two nozzles arranged in a zigzag manner with a con- 
stant nozzle pitch k in the sub-scanning direction. The 

w thirty-two nozzle n included in each nozzle array may be 
arranged in alignment, instead of in the zigzag manner. 
The zigzag arrangement as shown in Fig. 5(A), how- 
ever, has the advantage of being able to set a smaller 
nozzle pitch k in the manufacturing process. 

75 [0037] Fig. 5(B) shows an arrangement of a plurality 
of dots formed by one nozzle array. In this embodiment, 
driving signals are supplied to the piezoelectric ele- 
ments PE (Fig. 4) of the respective nozzles in order to 
cause a plurality of dots formed by one nozzle array to 

20 be arranged substantially in alignment in the sub-scan- 
ning direction, regardless of the arrangement of the ink 
nozzles; that is, whether the nozzles are arranged in 
zigzag or in alignment. By way of example, it is 
assumed that the nozzles are arranged in zigzag as 

25 shown in Fig. 5(A) and that the head 61 is scanned 
rightward in the drawing to form dots. In this case, a 
group of preceding nozzles 100, 102, ... receive driving 
signals at an earlier timing by d/v [second] than a group 
of following nozzles 101 , 103.... Here, d [inch] denotes a 

30 pitch between the two nozzle groups in the head 61 (See 
Fig. 5(A)), and v [inch/second] denotes the scanning 
speed of the head 61 . A plurality of dots formed by one 
nozzle array are accordingly arranged in alignment in 
the sub-scanning direction. As described later, all of 

35 thirty-two nozzles provided in each of the heads 61 
through 64 are not always used, but only part of the noz- 
zles may be used according to the dot recording 
scheme. 

[0038] The nozzle array in each ink jet head shown in 
40 Fig. 5(A) corresponds to the dot forming element array 
of the present invention. The feeding mechanism of the 
carriage 31 including the carriage motor 24 shown in 
Fig. 2 corresponds to the main scan driving unit, and the 
feeding mechanism of the paper including the sheet 
45 feed motor 23 corresponds to the sub-scan driving unit. 
Moreover, a circuit including the piezoelectric element 
PE of each nozzle corresponds to the head driving of 
the present invention. The control circuit 40 and the 
printer driver 96 (Fig. 1) correspond to the control unit of 
so the present invention. 

B. Basic Conditions of Middle Area Recording Scheme 

[0039] Before describing the dot recording schemes 
55 used in the embodiment of the present invention, the fol- 
lowing describes basic conditions required for general 
recording schemes. 

[0040] Figs. 6(A) and 6(B) show basic conditions of a 
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general dot recording scheme when the number of scan 
repeats s is equal to one. Fig. 6(A) illustrates an exam- 
ple of sub-scan feeds with four nozzles, and Fig. 6(B) 
shows parameters of the dot recording scheme. In the 
drawing of Fig. 6(A), solid circles including numerals 5 
indicate the positions of the four nozzles in the sub- 
scanning direction after each sub-scan feed. The encir- 
cled numerals 0 through 3 denote the nozzle numbers. 
The four nozzles are shifted in the sub-scanning direc- 
tion every time when one main scan is concluded. Actu- 
ally, however, the sub-scan feed is executed by feeding 
a printing paper with the sheet feed motor 23 (Fig. 2). 
[0041] As shown on the left-hand side of Fig. 6(A), the 
sub-scan feed amount L is fixed to four dots. On every 
sub-scan feed, the four nozzles are shifted by four dots 
in the sub-scanning direction. When the number of scan 
repeats s is equal to one, each nozzle can record all 
dots (pixels) on the raster line. The right-hand side of 
Fig. 6(A) shows the nozzle numbers of the nozzles 
which record dots on the respective raster lines. There 
are non-serviceable raster lines above or below those 
raster lines, drawn by broken lines, which extend right- 
ward (in the main scanning direction) from a circle rep- 
resenting the position of the nozzle in the sub-scanning 
direction. Recording of dots is thus prohibited on the 
raster lines drawn by the broken lines. On the contrary, 
both the raster lines above and below a raster line that 
is drawn by the solid line extending in the main scanning 
direction are recordable with dots. The range in which 
all dots can be recorded is hereinafter referred to as the 
"effective record area" (or the "effective print area"). The 
range in which the nozzles scan but ail the dots cannot 
be recorded are referred to as the "non-effective record 
area (or the "non-effective print area)". All the area 
which is scanned with the nozzles (including both the 
effective record area and the non-effective record area) 
is referred to as the nozzle scan area. 
[0042] Various parameters related to the dot recording 
scheme are shown in Fig. 6(B). The parameters of the 
dot recording scheme include the nozzle pitch k [dots], 
the number of used nozzles N, the number of scan 
repeats s, number of effective nozzles Neff, and the 
sub-scan feed amount L [dots]. 
[0043] In the example of Figs. 6(A) and 6(B), the noz- 
zle pitch k is 3 dots, and the number of used nozzles N 
is 4. The number of used nozzles N denotes the number 
of nozzles actually used among the plurality of nozzles 
provided. The number of scan repeats s indicates that 
dots are formed intermittently once every s dots on a 
raster line during a single main scan. The number of 
scan repeats s is accordingly equal to the number of 
nozzles used to record all dots of each raster line. In the 
case of Figs. 6(A) and 6(B), the number of scan repeats 
s is 1 . The number of effective nozzles Neff is obtained 
by dividing the number of used nozzles N by the number 
of scan repeats s. The number of effective nozzles Neff 
may be regarded as the net number of raster lines that 
can be fully recorded during a single main scan. The 



meaning of the number of effective nozzles Neff will be 
further discussed later. 

[0044] The table of Fig. 6(B) shows the sub-scan feed 
amount L, its accumulated value £L, and a nozzle offset 
F after each sub-scan feed. The offset F is a value indi- 
cating the distance in number of dots between the noz- 
zle positions and reference positions of offset 0. The 
reference positions are presumed to be those periodic 
positions which include the initial positions of the noz- 
zles where no sub-scan feed has been conducted 
(every fourth dot in Fig. 6(A)). For example, as shown in 
Fig. 6(A), a first sub-scan feed moves the nozzles in the 
sub-scanning direction by the sub-scan feed amount L 
(4 dots). The nozzle pitch k is 3 dots as mentioned 
above. The offset F of the nozzles after the first sub- 
scan feed is accordingly 1 (see Fig. 6(A)). Similarly, the 
position of the nozzles after the second sub-scan feed is 
ZL(=8) dots away from the initial position so that the off- 
set F is 2. The position of the nozzles after the third sub- 
scan feed is IL(=12) dots away from the initial position 
so that the offset F is 0. Since the third sub-scan feed 
brings the nozzle offset F back to zero, all dots of the 
raster lines within the effective record area can be serv- 
iced by repeating the cycle of 3 sub-scans. 
[0045] As will be understood from the above example, 
when the nozzle position is apart from the initial position 
by an integral multiple of the nozzle pitch k, the offset F 
is zero. The offset F is given by (SL)%k, where EL is the 
accumulated value of the sub-scan feed amount L, k is 
the nozzle pitch, and is an operator indicating that 
the remainder of the division is taken. Viewing the initial 
position of the nozzles as being periodic, the offset F 
can be viewed as an amount of phase shift from the ini- 
tial position. 

[0046] When the number of scan repeats s is one, the 
following conditions are required to avoid skipping or 
overwriting of raster lines in the effective record area: 

Condition d : The number of sub-scan feeds in one 
feed cycle is equal to the nozzle pitch k. 
Condition c2: The nozzle offsets F after the respec- 
tive sub-scan feeds in one feed cycle assume differ- 
ent values in the range of 0 to (k-1). 
Condition c3: Average sub-scan feed amount (ZL/k) 
is equal to the number of used nozzles N. In other 
words, the accumulated value £L of the sub-scan 
feed amount L for the whole feed cycle is equal to a 
product (Nxk) of the number of used nozzles N and 
the nozzle pitch k. 

[0047] The above conditions can be understood as fol- 
lows. Since (k-1) raster lines are present between 
adjoining nozzles, the number of sub-scan feeds 
required in one feed cycle is equal to k so that the (k-1) 
raster lines are serviced during one feed cycle and that 
the nozzle position returns to the reference position (the 
position of the offset F equal to zero) after one feed 
cycle. If the number of sub-scan feeds in one feed cycle 
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is less than k, some raster lines will be skipped. If the 
number of sub-scan feeds in on feed cycle is greater 
than k, on the other hand, some raster lines will be over- 
written. The first condition c1 is accordingly required. 
[0048] If the number of sub-scan feeds in one feed 
cycle is equal to k, there will be no skipping or overwrit- 
ing of raster lines to be recorded only when the nozzle 
offsets F after the respective sub-scan feeds in one feed 
cycle take different values in the range of 0 to (k-1). The 
second condition c2 is accordingly required. 
[0049] When the first and the second conditions c1 
and c2 are satisfied, each of the N nozzles records k 
raster lines in one feed cycle. Namely Nxk raster lines 
can be recorded in one feed cycle. When the third con- 
dition c3 is satisfied, the nozzle position after one feed 
cycle (that is, after the k sub-scan feeds) is away from 
the initial position by the Nxk raster lines as shown in 
Fig. 6(A). Satisfying the above first through the third 
conditions c1 to c3 thus prevents skipping or overwriting 
of raster lines to be recorded in the range of Nxk raster 
lines. 

[0050] Figs. 7(A) and 7(B) show the basic conditions 
of a general dot recording scheme when the number of 
scan repeats s is no less than 2. When the number of 
scan repeats s is 2 or greater, each raster line is 
recorded with s different nozzles. In the description 
hereinafter, the dot recording scheme adopted when the 
number of scan repeats s is not less than 2 is referred to 
as the "overlap scheme". 

[0051 ] The dot recording scheme shown in Figs. 7(A) 
and 7(B) amounts to that obtained by changing the 
number of scan repeats s and the sub-scan feed 
amount L among the dot recording scheme parameters 
shown in Fig. 6(B). As will be understood from Fig. 7(A), 
the sub-scan feed amount L in the dot recording 
scheme of Figs. 7(A) and 7(B) is a constant value of two 
dots. In Fig. 7(A), the nozzle positions after the odd- 
numbered sub-scan feeds are indicated by the dia- 
monds. As shown on the right-hand side of Fig. 7(A), 
the dot positions recorded after the odd-numbered sub- 
scan feed are shifted by one dot in the main scanning 
direction from the dot positions recorded after the even- 
numbered sub-scan feed. This means that the plurality 
of dots on each raster line are recorded intermittently by 
each of two different nozzles. For example, the upper- 
most raster in the effective record area is intermittently 
recorded on every other dot by the No. 2 nozzle after the 
first sub-scan feed and then intermittently recorded on 
every other dot by the No. 0 nozzle after the fourth sub- 
scan feed. In the overlap scheme, each nozzle is gener- 
ally driven at an intermittent timing so that recording is 
prohibited for (s-1) dots after recording of one dot during 
a single main scan. 

[0052] In the overlap scheme, the multiple nozzles 
used for recording the same raster line are required to 
record different positions shifted from one another in the 
main scanning direction. The actual shift of recording 
positions in the main scanning direction is thus not 
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restricted to the example shown in Fig. 7(A). In one pos- 
sible scheme, dot recording is executed at the positions 
indicated by the circles shown in the right-hand side of 
Fig. 7(A) after the first sub-scan feed, and is executed at 
5 the shifted positions indicated by the diamonds after the 
fourth sub-scan feed. 

[0053] The lower-most row of the table of Fig. 7(B) 
shows the values of the offset F after each sub-scan 
feed in one feed cycle. One feed cycle includes six sub- 

10 scan feeds. The offsets F after each of the six sub-scan 
feeds assume every value between 0 and 2, twice. The 
variation in the offset F after the first through the third 
sub-scan feeds is identical with that after the fourth 
through the sixth sub-scan feeds. As shown on the left- 

is hand side of Fig. 7(A), the six sub-scan feeds included 
in one feed cycle can be divided into two sets of sub- 
cycles, each including three sub-scan feeds. One feed 
cycle of the sub-scan feeds is completed by repeating 
the sub-cycles s times. 

20 [0054] When the number of scan repeats s is an inte- 
ger of not less than 2, the first through the third condi- 
tions d to c3 discussed above are rewritten into the 
following conditions c1 ' through c3': 

25 Condition c1 ': The number of sub-scan feeds in one 
feed cycle is equal to a product (kxs) of the nozzle 
pitch k and the number of scan repeats s. 
Condition c2': The nozzle offsets F after the respec- 
tive sub-scan feeds in one feed cycle assume every 

30 value between 0 to (k-1), s times. 

Condition c3': Average sub-scan feed amount 
{XL/(kxs)} is equal to the number of effective noz- 
zles Neff (-N/s). In other words, the accumulated 
value £L of the sub-scan feed amount L for the 

35 whole feed cycle is equal to a product {Neff x (kxs)} 
of the number of effective nozzles Neff and the 
number of sub-scan feeds (kxs). 

[0055] The above conditions d ' through c3' hold even 

40 when the number of scan repeats s is one. This means 
that the conditions cV through c3* generally hold for the 
dot recording scheme irrespective of the number of 
scan repeats s. When these three conditions d' 
through c3' are satisfied, there is no skipping or over- 

45 writing of dots recorded in the effective record area. If 
the overlap scheme is applied (if the number of scan 
repeats s is not less than 2), the recording positions on 
the same raster should be shifted from each other in the 
main scanning direction. 

so [0056] Partial overlapping may be applied for some 
recording schemes. In the "partial overlap" scheme, 
some raster lines are recorded by one nozzle and other 
raster lines are recorded by multiple nozzles. The 
number of effective nozzles Neff can be also defined in 

55 the partial overlap scheme. By way of example, if two 
nozzles among four used nozzles cooperatively record 
one identical raster line and each of the other two noz- 
zles records one raster line, the number of effective noz- 
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zles Neff is 3. The three conditions cV through c3' 
discussed above also hold for the partial overlap 
scheme. 

[0057] It may be considered that the number of effec- 
tive nozzles Neff indicates the net number of raster lines 
recordable in a single main scan. For example, when 
the number of scan repeats s is 2, N raster lines can be 
recorded by two main scans where N is the number of 
actually-used nozzles. The net number of raster lines 
recordable in a single main scan is accordingly equal to 
N/S (that is, Neff). The number of effective nozzles Neff 
in this embodiment corresponds to the number of effec- 
tive dot forming elements in the present invention. 

C. Embodiments of Dot Recording Schemes 

[0058] Fig. 8 shows a first dot recording scheme in an 
embodiment of the present invention. The scan param- 
eters of this dot recording scheme are shown in the bot- 
tom of Fig. 8, where the nozzle pitch k is equal to 4 dots, 
the number of used nozzles N is equal to 8. the number 
of scan repeats s is equal to 1 , and the number of effec- 
tive nozzles Neff is equal to 8. 
[0059] In the example of Fig. 8, nozzle numbers #0 
through #7 are allocated to the eight used nozzles from 
the top. In the first dot recording scheme, four sub-scan 
feeds constitute one cycle, and the amount of the sub- 
scan feed L is varied in the sequence of 10, 7, 6, and 9 
dots. This means that a plurality of different values are 
used for the sub-scan feed amount L. The positions of 
the eight nozzles in the respective sub-scan feeds are 
shown by four different figures. The right end of Fig. 8 
shows by which nozzle and after which sub-scan feed 
the dots on the raster lines in the effective record area 
are to be recorded. In the first dot recording scheme, a 
non-effective record area of 20 raster lines is present 
before the effective record area. Namely the effective 
record area starts at the 21st raster line from the upper 
end of the nozzle scan area (the range including the 
effective record area and the non-effective record area). 
The nozzle position in the first main scan is set to be 
apart from the upper end of the printing paper by a pre- 
determined distance. The earlier starting position of the 
effective record area enables the dots to be recorded 
from a position closer to the upper end of the printing 
paper. 

[0060] Figs. 9(A) and 9(B) show the scan parameters 
and the raster numbers of the effective raster lines 
recorded by the respective nozzles in the first dot 
recording scheme. The table of Fig. 9(A) shows the sub- 
scan feed amount L and its summation XL for each sub- 
scan feed, the offset F of the nozzle after each sub-scan 
feed, and the offset G of the sub-scan feed amount L. 
The offset G of the sub-scan feed amount L is the 
remainder obtained by dividing the sub-scan feed 
amount L by the nozzle pitch k. The meaning of the off- 
set G of the sub-scan feed amount L will be described 
later in detail. 



[0061] The parameters shown in Fig. 9(A) satisfy the 
three conditions d ' through c3' discussed abov . The 
number of sub-scan feeds in one cycle is equal to the 
product (kxs=4) of the nozzle pitch k(=4) and the 

s number of scan repeats s(=1) (first condition d*). The 
offset F of the nozzle after each sub-scan feed in one 
cycle assumes the values in the range of 0 to (k-1) (i.e., 
in the range of 0 to 3) (second condition c2*). The aver- 
age sub-scan feed amount (ZL/k) is equal to the number 

io of effective nozzles Neff(=8) (third condition c3'). The 
first dot recording scheme accordingly satisfies the fun- 
damental requirement that there is no dropout or over- 
lap of recorded raster lines in the effective recording 
area. 

15 [0062] The first dot recording scheme also has the fol- 
lowing two features. The first feature is that the nozzle 
pitch k and the number of used nozzles N are integers 
which are no less than 2 and which are not relatively 
prime. The second feature is that a plurality of different 

20 values are used for the sub-scan feed amount L As dis- 
cussed previously in the prior art, the conventional dot 
recording scheme sets the number of nozzles N and the 
nozzle pitch k at integers that are relatively prime. The 
number of nozzles N actually used among a large 

2$ number of nozzles provided is thus restricted to a value 
that is prime to the nozzle pitch k In other words, the 
problem of the conventional process is that the nozzles 
provided are not sufficiently used in many cases. Appli- 
cation of the dot recording scheme having the first fea- 

30 ture that the nozzle pitch k and the number of used 
nozzles N are integers which are no less than 2 and 
which are not relatively prime, on the other hand, advan- 
tageously increases the number of used nozzles to as 
many as possible. The second feature allows the funda- 

35 mental requirement that there is no dropout or overlap 
of recorded raster lines in the effective record area to be 
satisfied when the dot recording scheme has the first 
feature. There will be dropout or overlap of raster lines if 
the dot recording scheme that has the first feature and a 

40 fixed sub-scan feed amount L is applied. 

[0063] Fig. 9(B) shows the raster numbers of the 
effective raster lines recorded by the respective nozzles 
in the main scan after each sub-scan feed. The left- 
hand side of Fig. 9(B) shows the nozzle numbers #0 

45 through #7. The values on the right-hand side of the 
nozzle numbers represent which raster lines in the 
effective record area are recorded by the respective 
nozzles after the 0th to 7th sub-scan feeds. By way of 
example, in the main scan after the 0th sub-scan feed 

so (that is, in the first main scan for recording the effective 
record area), the nozzles #5 through #7 record the 1st. 
5th, and 9th effective raster lines. In the main scan after 
the 1st sub-scan feed, the nozzles #3 through #7 record 
the 3rd, 7th, 11th, 15th, and 19th effective raster lines. 

55 The term "effective raster lines" here denotes the raster 
lines in the effective record area. 
[0064] It can be understood that, in Fig. 9(B). a differ- 
ence between raster numbers of the effective raster 
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lines recorded during one main scan is equal to the noz- 
zle pitch k(=4). One scan cycle accordingly records Nxk 
(that is, 32) raster lines. Since any successive nozzles 
are apart from each other by the nozzle pitch k, one 
cycle does not record 32 sequential raster lines as 
clearly understood from Fig. 8. Fig. 9(B) shows which 
nozzles are used to record the first 32 raster lines in the 
effective record area. 

[0065] In Fig. 9(B), the effective raster numbers writ- 
ten in the brackets show that the raster lines at the posi- 
tions having the equivalent scanning conditions have 
been recorded in the previous cycle. Namely the differ- 
ence obtained by subtracting 32 from the numeral in the 
brackets indicates the equivalent raster line number. For 
example, the raster line of the effective raster number 
36 recorded by the nozzle #0 is present at the position 
having the equivalent scanning conditions to those of 
the raster line of the effective raster number 4. 
[0066] Fig. 1 0 shows the nozzle numbers for recording 
the effective raster lines in the first dot recording 
scheme. The numerals 1 through 31 on the left-end col- 
umn of Fig. 10 show the effective raster numbers. The 
right-hand side of Fig. 10 shows the positions of the 
effective raster lines recorded by the eight nozzles #0 
through #7 in the main scans after the respective sub- 
scan feeds. For example, in the main scan after the Oth 
sub-scan feed, the nozzles #5 through #7 record the 
1st, 5th, and 9th effective raster lines, respectively. 
Comparison between Fig. 10 and Fig. 9(B) clearly 
shows the relationship between the effective raster lines 
and the nozzle numbers. 

[0067] Four different symbols " • n , "X", "T", and "4" in 
the second-left column of Fig. 10 show whether or not 
the adjoining raster lines have already been recorded 
before the recording of each raster line. Hie respective 
symbols have the following meaning: 

1: Only one raster line immediately below itself has 
already been recorded. 

t: Only one raster line immediately above itself has 
already been recorded. 

X: Both raster lines above and below itself have 
already been recorded. 

• : Neither of the raster lines above and below itself 
have been recorded. 

[0068] The recording state of the adjoining raster lines 
above and below each raster line affects the image 
quality of the raster line being recorded. The effects on 
the image quality are ascribed to the dryness of ink on 
the adjoining raster lines that have already been 
recorded and to sub-scan feed errors. If the pattern by 
the four different symbols appears at a relatively large 
interval, it may deteriorate the image quality of the 
whole image. In the first dot recording scheme shown in 



Fig. 10, however, the pattern by the four different sym- 
bols does not show any clear periodicity. It is accord- 
ingly expected that the first recording scheme causes 
less deterioration of the image quality due to this reason 
5 but enables an image of relatively high image quality to 
be recorded. 

[0069] The third-left column of Fig. 1 0 shows the value 
a representing how many sub-scan feeds have been 
executed at the maximum between recording of each 

10 raster line and recording of the adjoining raster line. The 
value a is hereinafter referred to as the "sub-scan feed 
number difference". By way of example, the second 
effective raster line is recorded by the nozzle #1 after 
the 2nd sub-scan feed, whereas the first raster line is 

75 recorded by the nozzle #5 after the Oth sub-scan feed 
and the third raster line is recorded by the nozzle #3 
after the 1st sub-scan feed. The sub-scan feed number 
difference a is accordingly equal to 2 with respect to the 
second raster line. In a similar manner, the fourth raster 

20 line is recorded after three sub-scan feeds have been 
executed since recording of the fifth raster line. The sub- 
scan feed number difference a is thus equal to 3 with 
respect to the fourth raster line. 
[0070] Since one cycle consists of k(=4) sub-scan 

25 feeds, the sub-scan feed number difference a may be 
the value in the range of 0 to k. In the first dot recording 
scheme for k=4, it is understood that the maximum sub- 
scan feed number difference a is equal to 3, which is 
smaller than the possible upper limit value k(=4). 

30 [0071] It is ideal that the sub-scan feed is carried out 
strictly by the amount equal to an integral multiple of the 
dot pitch. In the actual state, however, the sub-scan feed 
has some feeding error. The sub-scan feed error is 
accumulated at every time of sub-scan feed. When a 

35 large number of sub-scan feeds are interposed between 
recording of adjoining two raster lines, the accumulated 
sub-scan feed error may cause a positional misalign- 
ment of the adjoining two raster lines. As mentioned 
above, the sub-scan feed number difference a shown in 

40 Fig. 10 denotes the number of sub-scan feeds carried 
out between recording of the adjoining raster lines. The 
smaller sub-scan feed number difference a is prefera- 
ble, in order to minimize the positional misalignment of 
the adjoining raster lines due to the accumulated sub- 

45 scan feed error. In the first dot recording scheme for k=4 
shown in Fig. 10. the sub-scan feed number difference 
a is not greater than 3 and is smaller than the upper limit 
value 4. This allows a favorable image to be recorded 
from this viewpoint. 

so [0072] Figs. 1 1 (A) and 1 1 (B) show the scan parame- 
ters and the raster numbers of the effective raster lines 
recorded by the respective nozzles in a second dot 
recording scheme in an embodiment of the present 
invention. 

55 Figs. 1 1 (A) and 1 1 (B) correspond to Figs. 9(A) and 9(B) 
in the first dot recording scheme discussed above. The 
difference between the first and second dot recording 
scheme is only the sequence of the sub-scan feed 
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amounts L. In the first dot recording scheme, the sub- 
scan feed amount L varies in the sequence of 10, 7, 6, 
and 9 dots. In the second dot recording scheme, on the 
other hand, the sub-scan feed amount varies in the 
sequence of 7, 6, 9, and 10 dots. 
[0073] Like the first dot recording scheme, the second 
dot recording scheme has the first feature that the noz- 
zle pitch k and the number of used nozzles N are inte- 
gers which are no less than 2 and which are not 
relatively prime, and the second feature that a plurality 
of different values are used for the sub-scan feed 
amount L. 

[0074] Fig. 12 shoes the node numbers for recording 
the effective raster lines in the second dot recording 
scheme. Fig. 12 corresponds to Fig. 10 in the first dot 
recording scheme. Like the first dot recording scheme 
shown in Fig. 10, in the second dot recording scheme, 
the pattern of the symbols @ representing the recording 
state of the adjoining raster lines above and below each 
raster line does not have any clear periodicity. It is 
accordingly expected that the second dot recording 
scheme also gives an image of relatively good quality. 
Since the sub-scan feed number difference a is not 
greater than 3, this process enables a favorable image 
to be recorded from the viewpoint of minimizing the 
accumulated sub-scan feed error. 
[0075] Although not being specifically illustrated, the 
effective record area in the second dot recording 
scheme starts at the 20th raster line from the upper end 
of the nozzle scanning range (the range including the 
effective record area and the non-effective record area). 
In the first dot recording scheme shown in Fig. 98, on 
the other hand, the effective record area starts at the 
21st raster line from the upper end of the nozzle scan- 
ning range. This means that the starting position of the 
effective record area in the second dot recording 
scheme is closer by one raster line to the upper end of 
the printing paper, compared with the first dot recording 
scheme. Such difference in starting position of the 
effective record area is ascribed to the difference in the 
sequence of the sub-scan feed amounts L between the 
first dot recording scheme and the second dot recording 
scheme. The identical combination of four values is 
used for the sub-scan feed amount L in both the first and 
second dot recording schemes, but the sequence of the 
values is different. Whereas the sub-scan feed amount 
L varies in the sequence of 1 0, 7, 6, and 9 in the first dot 
recording scheme, the sub-scan feed amount L varies in 
the sequence of 7, 6, 9, and 10 in the second dot 
recording scheme. The starting position of the effective 
record area is closer to the upper end of the printing 
paper in the second dot recording scheme. This may be 
attributable to the fact that the first sub-scan feed 
amount L(=7) in the second dot recording scheme is 
smaller than that of the first sub-scan feed amount 
L(=10) in the first dot recording scheme. 
[0076] This can be understood from the following 
example. Consider here a dot recording scheme in 



which the nozzle pitch k is equal to 12 dots and one 
cycle includes twelve scans. Plural combinations includ- 
ing seven feeds of 17 dots and five feeds of 5 dots are 
available for the sub-scan feed amount L in this dot 

5 recording scheme. Among all the alternative dot record- 
ing schemes, the dot recording scheme that initially car- 
ries out five sub-scan feeds of 5 dots and subsequently 
seven sub-scan feeds of 1 7 dots will have the effective 
record area which starts at the 1 1 7th raster line from the 

to upper end of the nozzle scanning range (the range 
including the non-effective record area and the effective 
record area). The dot recording scheme that initially car- 
ries out seven sub-scan feeds of 17 dots and subse- 
quently five sub-scan feeds of 5 dots will have, on the 

is other hand, the effective record area which starts at the 
129th raster line from the upper end of the nozzle scan- 
ning range. Compared with the dot recording scheme 
that repeats the sub-scan feeds of 5 dots first, the dot 
recording scheme that repeats the sub-scan feeds of 5 

20 dots first enables recording of the effective dots to start 
from the position closer to the upper end of the printing 
paper by 12 raster lines. 

[0077] As clearly understood from this example, in 
general, the smaller amounts for initial several sub-scan 

25 feeds among the plurality of sub-scan feeds included in ' 
one cycle tends to start the recording from a position 
closer to the upper end of the printing paper. From this 
viewpoint, it is preferable to select the dot recording 
scheme which has smaller amounts L for a predeter- 

30 mined number of (for example, a couple of) initial sub- 
scan feeds, among the plurality of alternative dot 
recording schemes. In other words, it is preferable to 
select the sequence having smaller amounts L for a pre- 
determined number of initial sub-scan feeds, among the 

35 plurality of choices having an identical combination of 
plural different values but a different sequence of the 
values. As shown by the comparison between the first 
and second recording schemes, there is a better possi- 
bility that smaller amounts of the first sub-scan feed L 

40 enables the recording to start from a position closer to 
the upper end of the printing paper, ft is thus especially 
preferable to select the dot recording scheme which has 
a smaller first sub-scan feed amount L. 
[0078] The starting position of the effective record 

45 area by each dot recording scheme can be known in 
advance from the scan parameters. It is accordingly 
possible to select the dot recording scheme which has 
the earliest starting position of the effective record area 
(that is, closest to the upper end of the printing paper) 

so among the plurality of alternative dot recording 
schemes. In a similar manner, it is possible to select the 
dot recording scheme having the latest end position of 
the effective record area (that is, closest to the lower 
end of the printing paper) among the plurality of atterna- 

55 tive dot recording schemes. 

[0079] Fig. 13 shows the scan parameters and the 
raster numbers of the effective raster lines recorded by 
the respective nozzles in a third dot recording scheme. 
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In the third dot recording scheme, the nozzle pitch k is 
equal to 8 dots and the number of used nozzles N is 
equal to 16. The number of scan repeats is equal to 1 . 
Like the first dot recording scheme, the third dot record- 
ing scheme has the first feature that the nozzle pitch k 
and the number of used nozzles N are integers which 
are no less than 2 and which are not relatively prime, 
and the second feature that a plurality of different values 
are used for the sub-scan feed amount L 
[0080] Fig. 14 shows the nozzle numbers for recording 
the effective raster lines in the third dot recording 
scheme. In the third dot recording scheme, the pattern 
of the symbols @ representing the recording state of 
the adjoining raster lines above and below each raster 
line does not have a significantly large period. It is 
accordingly expected to attain the relatively high image 
quality. The difference in number of sub-scan feeds a is 
equal to either 3 or 5, which is significantly smaller than 
the possible upper limit 8. This arrangement reduces 
the accumulated error of sub-scan feed and thereby 
enables a favorable image to be recorded. 
[0081] In addition to the two features discussed 
above, the third dot recording scheme has another fea- 
ture with respect to the sub-scan feed amount L. In the 
third dot recording scheme, the sub-scan feed amount L 
assumes values of 13 and 21 and the offset G (=L%k) of 
the sub-scan feed amount L is a constant value as 
shown in the table of Fig. 13(A). The offset G denotes a 
deviation of the periodical positions (that is, the phase 
deviation) of the plurality of nozzles after a sub-scan 
feed from the periodical positions of these nozzles 
before the sub-scan feed. For example, when the offset 
G is equal to zero (that is, when the sub-scan feed 
amount L is an integral multiple of the nozzle pitch k), 
the periodical positions of the nozzles after the sub- 
scan feed overlaps the periodical position of the nozzles 
before the sub-scan feed. In order to avoid such an 
overlap, the offset G is generally not equal to zero. 
According to the periodicity of the arrangement of the 
nozzles, the fixed offset G with respect to the sub-scan 
feed amount L causes the nozzles to be fed by a fixed 
amount of shift in the sub-scanning direction. By way of 
example, when the offset G is equal to 1 , the nozzles 
will be arranged at the positions whose phase is shifted 
downward by one raster line from the nozzle positions 
before the sub-scan feed. 

[0082] The offset G of the sub-scan feed amount L will 
not be equal to zero in any case. As clearly understood 
from the definition of the offset G, the value of the offset 
G is smaller than the nozzle pitch k. Especially when the 
offset G is constant, the offset G is set at an integer that 
is relatively prime to the nozzle pitch k. Such setting 
enables the condition c2' discussed above, that is, The 
offset F of the nozzles after each sub-scan feed 
included in one cycle takes a value in the range of 0 to 
(k-1) and the value is repeated s times.', to be satisfied. 
A desirable value for the constant offset G of the sub- 
scan feed amount L is determined by considering the 



following factors. 

[0083] Fig. 1 5 shows an example of the dot recording 
scheme when the offset G is fixed to one. In this exam- 
ple, the raster line 9 is recorded after a first sub-scan 

5 feed in the effective recording area. The raster line 8 is 
recorded after seven sub-scan feeds since then. The 
errors of k times of sub-scan feeds are accordingly 
accumulated between these two raster lines. The raster 
lines 18 and 17 hold a similar relation. With a view to 

io preventing the error of sub-scan feed from being accu- 
mulated, it is desirable to set the sub-scan feed amount 
L in such a manner that the offset G of the sub-scan 
feed amount L has a value other than 1 . Like the case of 
G=1 , in the case of the offset G equal to (k-1), the error 

is of k sub-scan feeds is accumulated, ft is accordingly 
desirable to set the offset G equal to a value other than 
(k-1). 

[0084] In the example of Fig. 15, the pattern of the 
symbols <§> representing the recording state of the 

20 adjoining raster lines above and below each raster fine 
shows a significantly large cycle. It is accordingly possi- 
ble that a pattern of the large cycle is observed in a 
recorded image. In order to prevent the periodic pattern 
from appearing, it is preferable that the constant offset 

25 G is set at a value other than 1 and (k-1) to. 

[0085] When taking into account the above factors, 
the constant offset G is preferably set at a value which 
is prime to the nozzle pitch k and in the range of 2 to (k- 
2) when the offset G of the sub-scan feed amount L is 

30 fixed to a constant value. Fig. 1 6 shows preferable com- 
binations of the nozzle pitch k and the offset G of the 
sub-scan feed amount The values shown in Fig. 16 all 
satisfy the conditions of the desirable offset G. 
[0086] When the offset G is equal to either 1 or (k-1), 

35 adjoining raster lines are recorded in a successive man- 
ner. In this case, before the ink is dried on a raster line 
just recorded, the recording on an adjoining raster line 
starts, thereby causing a blur of ink. A similar phenome- 
non occurs not only when the offset G has a constant 

40 value but the offset G is varied for each sub-scan feed 
amount L In order to prevent the blur of ink, whether or 
not the offset G of the sub-scan feed amount L is con- 
stant, it is preferable to set the sub-scan feed amount L 
so that the offset G takes a value other than 1 and (k-1 ) . 

45 [0087] In the third dot recording scheme, a plurality of 
values (13 and 21) are used for the sub-scan feed 
amount L, and the offset G of the sub-scan feed amount 
L is a preferable constant value. This arrangement 
effectively prevents the accumulation of the sub-scan 

so feed errors, thereby enabling an image of high image 
quality to be recorded. 

[0088] Figs. 1 7(A) and 1 7(B) show the scan parame- 
ters and the raster numbers of the effective raster lines 
recorded by the respective nozzles in a fourth dot 
55 recording scheme. The difference between the fourth 
dot recording scheme and the third dot recording 
scheme shown in Figs. 13(A) and 13(B) is only the sub- 
scan feed amount L Like the third dot recording 
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scheme, the fourth dot recording scheme has the first 
feature that the nozzl pitch k and the number of used 
nozzles N are integers which are no less than 2 and 
which are not relatively prime, and the second feature 
that a plurality of different values are used for the sub- 
scan feed amount L. The fourth dot recording scheme 
also has the third feature that the offset G (=L%k) of the 
sub-scan feed amount L is a constant value. As shown 
in Fig. 16 discussed above, the value (=5) of the offset 
G of the sub-scan feed amount L in the fourth dot 
recording scheme is an especially preferable one. 
[0089] Fig. 1 8 shows the nozzle numbers for recording 
the effective raster lines in the fourth dot recording 
scheme. Like the third dot recording scheme shown in 
Fig. 14, in the fourth dot recording scheme, the pattern 
of the symbols @ representing the recording state of 
the adjoining raster lines above and below each raster 
line does not have a significantly large cycle. It is 
accordingly expected to attain a relatively favorable 
image quality. Since the difference in number of sub- 
scan feeds a is equal to either 3 or 5, which is signifi- 
cantly smaller than the possible upper limit 8, a favora- 
ble image can be recorded from the viewpoint of smaller 
accumulated error of the sub-scan feed. 
[0090] Having the variety of features that are substan- 
tially similar to those of the third dot recording scheme, 
the fourth dot recording scheme can record a high qual- 
ity image in the same manner as the third dot recording 
scheme. 

[0091] Fig. 19 shows the scan parameters in a fifth dot 
recording scheme. In the fifth dot recording scheme, the 
nozzle pitch k is equal to 8 dots and the number of used 
nozzles N is equal to 32. The number of scan repeats s 
is equal to 2 and the number of effective nozzles Neff is 
equal to 16. As clearly understood from the comparison 
with the parameters in the fourth dot recording scheme 
shown in Fig. 1 7, the number of effective nozzles Neff in 
the fifth dot recording scheme is kept equal to that in the 
fourth dot recording scheme, whereas the number of 
scan repeats s is set equal to 2 and the number of used 
nozzles N is doubled in the fifth dot recording scheme. 
Since the nozzle pitch k and the number of effective 
nozzles Neff in the fifth dot recording scheme are equal 
to those in the fourth dot recording scheme, the same 
values as those of the fourth dot recording scheme are 
used for the sub-scan feed amount L. However, since 
the eight sub-scan feeds shown in the table of Fig. 19 
records the raster lines only once, another eight sub- 
scan feeds are executed to record dots without any 
space. The eight sub-scan feeds shown in the table of 
Fig. 19 accordingly correspond to the sub-cycle in Fig. 
6(A) discussed previously. 

[0092] Fig. 20 shows the raster numbers of the effec- 
tive raster lines recorded by the respective nozzles in 
the fifth dot recording scheme. The raster numbers of 
Fig. 20 are similar to those of the fourth dot recording 
scheme shown in Figs. 17(A) and 17(B). The raster line 
with a negative number represents that dots are 



recorded at the positions which are shifted by one dot in 
the main scanning direction on the raster line. Fig. 21 
shows the nozzle numbers for recording th effective 
raster lines in the fifth dot recording scheme. In Fig 21 , 

5 the nozzle with a negative number represents that the 
nozzle records dots at the positions which are shifted by 
one dot in the main scanning direction. As clearly 
understood from the drawing, two nozzles of different 
numbers are positioned on the same raster line, and the 

w respective nozzles record dots at the positions which 
are shifted by one dot in the main scanning direction on 
the raster line. This enables all the dots in the effective 
recording area to be recorded. In general, s different 
nozzles (s denotes the number of scan repeats) are 

is positioned on the same raster line, and the s nozzles 
respectively record dots at the positions which are 
shifted from one another in the main scanning direction 
on the raster line. 

[0093] Having similar features to those of the fourth 
20 dot recording scheme except for the number of scan 
repeats s. the fifth dot recording scheme can record a 
high quality image in the same manner as the fourth dot 
recording scheme. 

[0094] The present invention is not restricted to the 

2s above embodiments or their applications, but there may 
be many modifications, changes, and alterations with- 
out departing from the scope or spirit of the main char- 
acteristics of the present invention. Some examples of 
possible modification are given below. 

30 [0095] Although the above embodiments are con- 
cerned with dot recording schemes for one color, appli- 
cation of the dot recording scheme to each color will 
implement color printing with plural colors of inks. 
[0096] The principle of the present invention is appli- 

35 cable not only to color printing but to the monochrome 
printing. The present invention is also applicable to 
printing that expresses each pixel with a plurality of dots 
to attain multi-tones. The present invention is further 
applicable to drum scan printers. In a drum scan printer, 

40 the rotating direction of the drum corresponds to the 
main scanning direction, and the feeding direction of the 
carriage corresponds to the sub-scanning direction. 
The present invention is applicable not only to ink jet 
printers but in general to any dot recording apparatuses 

45 that record dots on the surface of a printing medium with 
a recording head having plural arrays of dot-forming ele- 
ments. The "dot-forming elements" here denote ele- 
ments for forming the dots, such as the ink nozzles in 
the ink jet printer. 

so [0097] The structure embodied by hardware circuitry 
in the above embodiments can be replaced by software, 
and on the contrary, the structure embodied by software 
can be replaced by hardware circuitry. For example, the 
function of the control circuit 40 of the color printer 22 

55 (Fig. 2) may be implemented by the computer. In this 
case, a computer program such as the printer driver 96 
executes the same control function as that of the control 
circuit 40. 
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[0098] The computer programs for implementing 
those functions are provided as stored on a computer 
readable medium, such as floppy disks or CD-ROMs. 
The computer 90 reads the computer programs from 
the storage medium and transfer them to the internal 5 
storage device or to the external storage device. Alter- 
natively the computer programs may be supplied from a 
program supply apparatus to the computer 90 via a 
communications path. At the time of executing the func- 
tions of the computer programs, the programs stored in 70 
the main memory are executed by the microprocessor 
of the computer 90. Alternatively, the computer 90 may 
read out computer programs stored on the storage 
medium to directly execute it. 

[0099] In the specification hereof, the term computer 75 
90 implies both the hardware and its operating system 
and more specifically represents the hardware operat- 
ing under the control of the operating system. The com- 
puter programs cause the computer 90 to implement 
the above functions. Part of these functions may be 20 
implemented by the operating system instead of the 
applications programs. 

[0100] The "computer readable medium" in the 
present invention is not restricted to a portable storage 
medium, but includes a variety of internal storage 25 2. 
devices in the computer, for example, RAMS and 
ROMs, and external storage devices connected with the 
computer, for example, hard disks. 

INDUSTRIAL APPLICABILITY 30 

[01 01 ] The present invention may be applicable to ink- 3. 
jet type monochrome printers and color printers, and to 
any recording apparatuses that use a recording head 
having plural arrays of dot-forming elements. 35 

Claims 

1 . A dot recording apparatus for recording dots on a 4. 
surface of a printing medium with a dot recording 40 
bead, the dot recording apparatus comprising: 

a dot-forming element array arranged on the 
dot recording head to face the printing medium, 
the dot-forming element array comprising a 45 
plurality of dot-forming elements for forming a 
plurality of dots of an identical color at a sub- 
stantially constant pitch in a sub-scanning 
direction; 5. 
a main scan driving unit that drives at least one so 
of the dot recording head and the printing 
medium to carry out a main scan; 
a head driving unit that drives at least part of 
the plurality of dot-forming elements to form 
dots in the course of the main scan; ss 
a sub-scan driving unit that drives at least one 
of the dot recording head and the printing 
medium every time when the main scan is 



completed, thereby carrying out a sub-scan; 
and 

a control unit that controls the above units; 
wherein the control unit controls the head driv- 
ing unit such that the dot recording head is 
driven according to a condition that a number 
of effective dot-forming elements and an ele- 
ment pitch k are set at integers which are no 
less than 2 and which are not relatively prime, 
the number of effective dot-forming elements 
representing a net number of raster lines in a 
main scanning direction which can be recorded 
by one main scan, the element pitch k repre- 
senting a pitch of the plurality of dot-forming 
elements expressed in units of a number of 
dots; and 

wherein the control unit controls the sub-scan 
driving unit such that a plurality of different val- 
ues are used in combination for sub-scan feed 
amounts for a plurality of the sub-scan feeds, 
thereby enabling all raster lines included in an 
effective recording area of the printing medium 
to be recorded. 

A dot recording apparatus in accordance with claim 
1, wherein the plurality of different values used for 
the sub-scan feed amounts are selected in such a 
manner that remainders obtained by dividing the 
respective values by the element pitch k are fixed to 
a constant value. 

A dot recording apparatus in accordance with claim 
1 or 2, wherein the plurality of different values used 
for the sub-scan feed amounts are selected in such 
a manner that the remainders obtained by dividing 
the respective values by the element pitch k are in 
a range of 2 to (k-2). 

A dot recording apparatus in accordance with any 
one of claims 1 through 3, wherein, among a plural- 
ity of alternative sequences having an identical 
combination of the plurality of different values that 
are arranged in different orders, a sequence having 
smaller sub-scan feed amounts for a predeter- 
mined number of initial sub-scan feeds is selected 
to be used as a sequence of the different values for 
the sub-scan feed amounts. 

A dot recording apparatus in accordance with any 
one of claims 1 through 4, wherein the control unit 
controls the head driving unit such that, the head 
driving unit drives the dot forming element array 
during each main scan at intermittent timings to dis- 
able dot formation for (s - 1) dot positions among s 
consecutive dots in the main scanning direction 
where s is a predetermined integer of at least two; 
and 

wherein the number of effective dot-forming ele- 
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merits is a value obtained by dividing, by the integer 
s, a number of dot-forming elements which are 
actually used for recording among the plurality of 
dot-forming elements. 

5 

6. A method of recording dots on a surface of a print- 
ing medium with a dot recording head, the dot 
recording head having a dot-forming element array 
including a plurality of dot-forming elements for 
forming a plurality of dots of an identical color w 
arranged at a substantially constant pitch in a sub- 
scanning direction, the method comprising the 
steps of: 

(a) driving at least one of the dot recording is 
head and the printing medium to carry out a 
main scan; 

(b) driving at least part of the plurality of dot- 
forming elements to form dots in the course of 20 
the main scan; and 

(c) driving at least one of the dot recording 
head and the printing medium every time when 
the main scan is concluded, thereby carrying 25 
out a sub-scan; 

wherein in the step (b) the dot recording head 
is driven according to a condition that a number 
of effective dot-forming elements and an ele- 
ment pitch k are set at integers which are no so 
less than 2 and which are not relatively prime, 
the number of effective dot-forming elements 
representing a net number of raster lines in a 
main scanning direction which can be recorded 
by one main scan, the element pitch k repre- 35 
senting a pitch of the plurality of dot-forming 
elements expressed in units of a number of 
dots; and 

wherein in the step (c) a plurality of different 
values are used in combination for sub-scan 40 
feed amounts for a plurality of the sub-scan 
feeds, thereby enabling all raster lines included 
in an effective recording area of the printing 
medium to be recorded. 

45 

7. A method in accordance with claim 6. wherein the 
plurality of different values used for the sub-scan 
feed amounts are selected in such a manner that 
remainders obtained by dividing the respective val- 
ues by the element pitch k are fixed to a constant so 
value. 

8. A method in accordance with claim 6 or 7, wherein 
the plurality of different values used for the sub- 
scan feed amounts are selected in such a manner 55 
that the remainders obtained by dividing the 
respective values by the element pitch k are in a 
range of 2 to (k-2) 



9. A method in accordance with any one of claims 6 
through 8, wherein, among a plurality of alternative 
sequences having an identical combination of the 
plurality of different values that are arranged in dif- 
ferent orders, a sequence having smaller sub-scan 
feed amounts for a predetermined number of initial 
sub-scan feeds is selected to be used as a 
sequence of the different values for the sub-scan 
feed amounts. 

10. A method in accordance with any one of claims 6 
through 9, wherein the step (b) comprises the step 
of driving the dot forming element array during each 
main scan at intermittent timings to disable dot for- 
mation for (s - 1) dot positions among s consecutive 
dots in the main scanning direction where s is a pre- 
determined integer of at least two; and 

wherein the number of effective dot-forming ele- 
ments is a value obtained by dividing, by the integer 
s, a number of dot-forming elements which are 
actually used for recording among the plurality of 
dot-forming elements. 

11. A computer program product storing a computer 
program for causing a printing apparatus to record 
dots on a surface of a printing medium while carry- 
ing out a main scan in a direction substantially per- 
pendicular to a sub-scanning direction, the printing 
apparatus comprising a dot recording head having 
a dot-forming element array including a plurality of 
dot-forming elements for forming a plurality of dots 
of an identical color arranged at a substantially con- 
stant pitch in the sub-scanning direction, the com- 
puter program product comprising: 

a computer readable medium; and 

a computer program stored on the computer 

readable medium, 

wherein the computer program comprises: 
a first program code that causes a computer 
system to drive the dot recording head accord- 
ing to a condition that a number of effective dot- 
forming elements and an element pitch k are 
set at integers which are no less than 2 and 
which are not relatively prime, the number of 
effective dot-forming elements representing a 
net number of raster lines in a main scanning 
direction which can be recorded by one main 
scan, the element pitch k representing a pitch 
of the plurality of dot-forming elements 
expressed in units of a number of dots; and 
a second program code that causes the com- 
puter system to use a plurality of different val- 
ues in combination for sub-scan feed amounts 
for a plurality of the sub-scan feeds, thereby 
enabling all raster lines included in an effective 
recording area of the printing medium to be 
recorded. 
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Fig. 5 (A) ARRANGEMENT OF NOZZLE ARRAYS 




Fig. 5(B) DOTS FORMED BY ONE NOZZLE ARRAY 
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Fig. 6(A) CONCEPT OF SUB-SCAN FEED (s=l) 
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Fig. 7(A) CONCEPT OF SUB-SCAN FEED (s=2) 
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FIRST DOT RECORDING SCHEME 

Fig. 9(A) SCAN PARAMETERS 
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Fig. 9(B) RASTER NUMBERS OF EFFECTIVE RASTER LINES 
RECORDED BY RESPECTIVE NOZZLES 
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Fig. 10 

NOZZLE NUMBERS FOR RECORDING RESPECTIVE RASTER LINES 
(FIRST DOT RECORDING SCHEME) 
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SECOND DOT RECORDING SCHEME 
Fig, 11(A) SCAN PARAMETERS 

NOZZLE PITCH k : 4 [dot] 

NUMBER OF NOZZLES N : 8 

NUMBER OF SCAN REPEATS s : 1 

NUMBER OF EFFECTIVE NOZZLES Neff :8 
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Fig. 11(B) RASTER NUMBERS OF EFFECTIVE RASTER LINES 
RECORDED BY RESPECTIVE NOZZLES 
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Fig. 12 

NOZZLE NUMBERS FOR RECORDING RESPECTIVE RASTER LINES 
(SECOND DOT RECORDING SCHEME) 
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THIRD DOT RECORDING SCHEME 

Fig. 13(A) SCAN PARAMETERS 

NOZZLE PITCH k : 8 [dot] 

NUMBER OF NOZZLES N : 16 

NUMBER OF SCAN REPEATS a : 1 

NUMBER OF EFFECTIVE NOZZLES Neff : 16 
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Fig. 13(B) RASTER NUMBERS OF EFFECTIVE RASTER LINES 
RECORDED BY RESPECTIVE NOZZLES 
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Fig. 14 



NOZZLE NUMBERS FOR RECORDING RESPECTIVE RASTER LINES 
(THIRD DOT RECORDING SCHEME) 

NUMBER OF SUB-SCAN FEED 
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1 i 3 .... #6 
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Fig. 15 

NOZZLE NUMBERS FOR RECORDING RESPECTIVE RASTER LINES 
(WHEN OFFSET G OF SUB-SCAN FEED L IS A CONSTANT, 1) 
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Fig. 16 

NOZZLE PITCH k AND DESIRABLE SUB-SCAN FEED OFFSET G 
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FOURTH DOT RECORDING SCHEME 
Fig. 17(A) SCAN PARAMETERS 



NOZZLE PITCH k 
NUMBER OF NOZZLES N 
NUMBER OF SCAN REPEATS s 
NUMBER OF EFFECTIVE NOZZLES Ne£f 



8 [dot] 
16 

1 
16 



NUMBER OF 
SUB-SCAN FEED 


0 


1 


2 


3 


4 


5 


6 


7 


8 


FEED AMOUNT L [dot] 


0 


19 


11 


19 


19 


11 


19 


11 


19 


Z L 


0 


19 


30 


49 


68 


79 


98 


109 


118 


F= (XL) %k 


0 


3 


6 


1 


4 


7 


2 


5 


0 


G= L%k 


0 


3 


3 


3 


3 


3 


3 


3 


3 



Fig. 17(B) RASTER NUMBERS OF EFFECTIVE RASTER LINES 
RECORDED BY RESPECTIVE NOZZLES 
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Fig. 18 - 

RASTER NUMBERS OF EFFECTIVE RASTER LINES RECORDED BY 

RESPECTIVE NOZZLES 

(FOURTH DOT RECORDING SCHEME) 
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Fig. 19 



SCAN PARAMETERS OF FIFTH DOT RECORDING SCHEME 
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Fig. 21 

RASTER NUMBERS OF EFFECTIVE RASTER LINES RECORDED BY 

RESPECTIVE NOZZLES 

(FIFTH DOT RECORDING SCHEME) 

NUMBER OF SUB-SCAN FEED 

NOZZLE ® A 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 • - . . #25 -t9 

2 X 5 #19 -S3 

3 ■ - #29 -#13 

4 T 3 ... #23 -#7 

5 X 5 #17 -#1 

6 • - . #27 -#11 

7 T 3 .... #21 -#5 

8 X 5 #16 -#0 

9 - - . . #26 -#10 

10 X 5 #20 -#4 

11 • - #30 -#14 

12 T 3 ... #24 -#8 

13 X 5 #18 -#2 

14 • - . #28 -#12 

15 t 3 .... #22 -#6 

16 X 5 #17 -#1 

17 ■ - . . #27 -#11 

18 X 5 #21 -#5 

19 • - #31 -#15 

20 t 3 ... #25 -#9 

21 X 5 #19 -#3 

22 ■ - . #29 -#13 

23 T 3 .... #23 -#7 

24 X 5 #18 -#2 

25 ■ - . . #28 -#12 

26 T 3 #22 -#6 

27 X 5 #16 -#0 

28 • - ... #26 -#10 

29 X 5 #20 -#4 

30 • - . #30 -#14 

31 t 3 .... #24 -S8 

32 X #19 -#3 
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Fig. 2 3 
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